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Abstract. To determine the optimum sowing date for some sunflower hybrids i.e. A11 
x Rf7, A11 x Rf9, A12 x Rf9, A8 x Rf10, A11 x Rf10, A8 xRf12, A9 x Rf12, A15 x Rf12, A2 x Rf20 and 
the check variety Sakha 53, along with to assess their genetic variability and to determine 
selection criteria for improving their yield. These materials were sown at four adjacent field 
represent four sowing dates i.e. 20th of April, 20th of May, 20th of June and 20th of July using 
randomized complete block design with three replications at the experimental Farm of El 
Mattana Agricultural Research Station, (latitude of 25.17o N and longitude of 32.33o E), Luxor 
Governorate, during the two successive summer seasons 2018 and 2019. Results revealed that 
early sown plants on 20th of April had high yield potential compared to other sowing dates. The 
promising sunflower hybrid for seed yield feddan-1 and more yield attributes was A12 x Rf9 
when sown on 20th of April and across sowing dates, whereas A15 x Rf12 when it sown on 20th 
of July and across sowing dates was the best for seed oil content. Considerable genetic 
variability was detected among sunflower genotypes, and hence the selection would be effective 
to genetic improvement of seed weight plant-1 for these materials, which can be achieved 
through selecting genotypes having the largest head diameter and the heaviest weight of 100-
seed. 
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INTRODUCTION  
 
Sunflower is a temperate zone crop and was behaved its ability to withstand in 
the face of climatic fluctuations. However, yield potential of sunflower is greatly 
influenced by that climatic fluctuation such as sowing date and seasonal weather 
conditions. In other words can be noted that, sowing date and seasonal weather 
conditions are considered limiting factors for seed yield and its components as earlier 
reported by Abd El-Mohsen (2013), Mahmood (2013) and Aziz and Salih (2014). 
Hence, a considerable attention should be given to identify the performance of 
sunflower genotypes across a wide range of different climatic conditions especially 
sowing date. Several studies were investigated the effect of sowing dates on yield and 
yield attributes of sunflower genotypes. From these studies, El-Sadek et al., (2004) and 
Taha et al., (2010) found that sowing sunflower crop on April produced the tallest 
plants, the largest head diameter, the heaviest weight of 1000-seed and the highest 
proportion of seed oil. 
Sunflower genotypes had significantly variation for yield and yield attributes 
as reported by Abd El-Satar et al. (2015) and Abd EL-Satar et al. (2017). Taha et al. 
(2010) revealed that Sakha-53 surpassed Giza-102 cultivar in plant height, head 
diameter, 1000-seed weight, seed weight plant-1, seed-oil%, seed and oil yields fed-1. 
The interaction between planting date and cultivar significantly affected plant height, 
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head diameter, 1000-seed weight and seed yield ha-1 (El-karamity et al. 1998); 1000-
seed weight (Sharief, 1998) and oil yield fed-1 (Taha et al. 2010).  
The magnitude of genetic variability is essential for effective selection among 
individuals of crop population has been reported by several investigators as Abd El-
Satar et al. (2017), Sanju et al. (2018) and Singh et al. (2019). Moreover, Positive 
relationships were found among sunflower seed yield and yield attributes (Sharief, 
1998 and Abd EL-Satar et al., 2017). From here it is clear that sowing date is one of 
the most important agricultural practiced which is necessary to study its impact on the 
promising sunflower hybrids. 
From above mentioned facts, the present study was carried out to evaluate 
some sunflower genotypes under different sowing dates, to assess the genetic 
variability of all studied traits, and to determine selection criteria for improving 
sunflower hybrids.  
 
MATERIAL AND METHODS 
 
Genetic materials 
Nine sunflower hybrids, viz., (A11 x Rf7), (A11 x Rf9), (A12 x Rf9), (A8 x Rf10), 
(A11 x Rf10), (A8 xRf12), (A9 x Rf12), (A15 x Rf12), (A2 x Rf20) along with the check 
variety Sakha 53 were received from sunflower breeding program, Oil Crops Research 
Department, FCRI, ARC, Giza, Egypt.  
Site description 
Four adjacent field experiments were conducted at the experimental Farm of El 
Mattana Agricultural Research Station, (latitude of 25.17o N and longitude of 32.33o 
E), Luxor Governorate during the two successive summer seasons of 2018 and 2019. 
Soil samples (0–30 cm) depth were collected from the experimental site and analyzed 
for the mechanical and chemical analysis according to Jackson (1973) and their results 
are summarized in Table 1. The previous crop in both seasons was wheat. 
Table 1 
Mechanical and chemical properties of the upper 30 cm of the experimental soil samples 
 Property  2018 2019 
Mechanical analysis 
Clay % 49.52 45.89 
Silt % 38.56 41.41 
Sand  % 11.92 12.70 
Soil texture clay loam clay loam 
Chemical analysis 
Concentration of N (mg kg-1) 45 43 
Concentration of P (mg kg-1) 10.40 9.56 
Concentration of K (mg kg-1) 133.23 131.56 
EC(ds/m) 1.23 1.15 
pH 7.9 7.6 
 
Mean climatic data of temperature and relative humidity which measured 
during the experimental period, from sowing date to date of physiological maturity in 
each season are presented in Table (2). 
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Table 2 
Monthly temperature during the period of sunflower growth in 2018 and 2019 seasons 
             Item  
 
Month  
 
2018 2019 
Temperature (°C) 
Relative 
Humidity (%) 
Temperature (°C) 
Relative 
Humidity (%) 
April 25.07 17.89 22.83 20.58 
May 30.97 17.19 30.3 12.31 
June 32.3 17.09 32.92 17.48 
July 32.28 20.02 32.68 18.82 
August 32.46 22.45 32.46 20.66 
September 30.64 24.38 29.42 24.43 
October 26.43 28.34 27.37 26.08 
 
Heat unit accumulation measured as HUA was determined using the equation 
of McMaster and Wilhelm (1997) as: 
HUA=(Tmax + Tmin)/2-Tbase 
Tbase was taken as 7.2°C based on several studies of heat units as adopted by 
Agele (2003) and Canavar et al. (2010). Values of HUA were recorded to evaluate 
sunflower genotypes at each Sowing date (Table 3). 
Experimental design 
Seeds of mentioned materials were sown in four adjacent field experiments 
represent four sowing dates i.e. 20th of April, 20th of May, 20th of June and 20th of July. 
Experimental layout was performed in randomized complete block design with three 
replications in each sowing date, where each sowing date were sown in an independent 
experiment and sunflower genotypes were randomly distributed in each sowing dates.  
Agricultural practices 
Sunflower genotypes seeds under study were hand-planted on ridges, 60 cm 
apart, 3m long, and 30 cm between hills, where each plot consisted of 5 ridges. Plants 
of evaluated sunflower genotypes were thinned at 15 days after sowing to secure one 
plants hill-1. All other cultural practices were applied as recommended. 
 
Table 3 
Heat unit accumulated (°C) for evaluated sunflower genotypes at each Sowing date across two 
seasons 2018 and 2019 
                  Sowing dates 
Hybrids 
20th April 20th May 20th June 20th July 
A11 x Rf7 2143.19 2005.38 1977.05 1899.71 
A11 x Rf9 2368.91 2377.41 2220.34 2067.43 
A12 x Rf9 2390.10 2282.67 2177.42 2026.45 
A8 x Rf10 2357.93 2324.51 2165.88 2010.13 
A11 x Rf10 2222.46 2194.50 2103.27 1863.04 
A8 xRf12 2354.76 2113.25 2162.54 1988.56 
A9 x Rf12 2306.01 2307.95 2106.67 1986.48 
A15 x Rf12 2196.80 2021.59 1950.99 1835.91 
A2 x Rf20 2296.64 2345.07 2121.80 1936.46 
Sakha 53 2398.30 2344.87 2209.55 2029.42 
Mean 2303.51 2231.72 2119.55 1964.36 
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Data collection 
Earliness traits 
Days to 50% flowering and days to physiological maturity were determined on 
mean flowered and matured plants, respectively in each plot.  
Yield and yield attributes 
At harvest, five guarded plants were randomly selected from the 2nd and 4th 
ridges, harvested, tied and left to head dry to determine yield and yield attributes viz. 
plant height in cm, head diameter in cm, 100-seed weight in gram and seed weight 
plant-1 in gram. Plants of central ridges from each plot were harvested for determining 
seed yield per m2 which converted to seed yield in kg feddan-1. Seed oil content was 
determined according to (AOAC, 1990) 
Statistical analysis 
Analysis of variance according to Gomez and Gomez (1984) for each variable 
was performed. Combined analysis of variance across the two seasons was done after 
confirmation of homogenous for all studied traits using F.max test method of Hartley 
(1950) as presented in Table (2). Genotypic and phenotypic coefficients of variation 
(Burton and DeVane 1953), estimate of broad (H2b) sense heritability (Hansen et al 
1956), genetic advance as percent of the mean (Johnson et al 1955), phenotypic and 
genotypic correlation coefficient (Weber and Moorthy 1952), phenotypic and 
genotypic path analysis (Dewey and Lu 1959) were also done on pooled data of all 
studied traits. All statistical analyses were carried out using MS-EXCEL (2007) with 
spread sheet formula commands. 
 
RESULTS AND DISCUSSIONS 
 
Seasonal homogeneity test  
Combined analyses across two seasons were performed for all studied traits 
after confirmed from homogenous of error variances for them using F.max test as 
shown in Table (4).  
Table 4 
Seasonal Hartley tests (F.max) of error variances for all studied traits 
 
Traits 
Item          
Days to 50% 
flowering 
Days to 
physiological 
maturity 
Plant 
height 
Head 
diamete
r 
100- seed 
weight 
Seed 
weight 
plant-1 
Seed 
yield 
Fed-1 
Seed oil 
content 
1st 
season 
MSE 
2.081 2.894 11.116 1.016 0.021 2.249 244.120 0.661 
2nd 
season 
MSE 
2.781 1.994 13.102 1.242 0.016 1.846 183.458 0.755 
F.max 1.336 1.451 1.179 1.222 1.350 1.218 1.331 1.143 
F. 
tabulat
ed 
1.477 1.477 1.477 1.477 1.477 1.477 1.477 1.477 
Signifi
cance 
NS NS NS NS NS NS NS NS 
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Sowing date effects 
 There were highly significant responses for all studied traits to climate changes 
when sowing date shifted from one to another (Table 5). This may be due to effective 
role of climatic changes relating to temperature, rainfall and relative humidity in Table 
(2). These results are in harmony with those obtained by Abd El-Mohsen (2013), 
Baghdadi et al. (2014) and Hamza and Safina (2015) who found that significant 
differences among sowing dates in number of days to maturity, plant height, number of 
leaves plant-1, leaf area index, head diameter, 1000-seed weight, seed weight plant-1 
and seed yield ha-1 of sunflower crop. 
From the results in Table (5), any delaying in sowing date from 20th of April to 
20th of July was associated with a highly significant respective decrease in number of 
days to 50 % flowering and number of days to physiological maturity due to adverse 
climatic conditions relating to high temperature. Compared to 20th of April sowing, the 
relative decrease in days to 50%flowering and days to physiological maturity might be 
due to delaying in sowing date until 20th of May, 20th of June and 20th of July was 
12.25 % and 9.52 %, 18.65 and 12.94 % and 23.28 % and 15.75 %. This could be 
attributed to late sown plants were more exposed to higher temperature (Table 2) than 
early one, which was responsible for shortening pre-flowering phase of their life cycle. 
   The shortest plants were associated with delaying sowing date on 20th of May 
by 2.02 %, on 20th of June by 3.83 % and on 20th of July by 4.84% with compared to 
early sowing date on 20th of April (Table 5). The same trend was observed by El-Sadek 
et al., (2004) and Taha et al., (2010) who they found that the tallest plants were 
obtained from planting on April. This may be due to early sowing date on 20th of April 
which might have provided plants with relatively cooler period compared to the latter 
three sowings, that leading to stimulate cytokine and giberelin accumulation, 
modifying the hormonal balance and leading the plant to increase the plant 
development and which reflected on elongation of main stalk.  
Head diameter and 100-seed weight, again, as two important components of 
yield components followed the same trend of the previous traits (Table 5). Where, a 
gradual decrease in head diameter and 100-seed weight could be observed due to 
delaying sowing date on 20th of May by 4.53 % and 1.11%, on 20th of June by 7.91 % 
and 5.42% and on 20th of July by 10.91 % and 5.70 %, respectively in comparison with 
early sowing on 20th of July (Table 5). These results are in accordance with those 
obtained by Mahmood (2013) and Aziz and Salih (2014). This may be due to plants 
were early sown on 20th of April had the largest vegetative growth period which 
allowed plants to receive the highest degrees of heat unit (2303.51 °C) (Table 3) with 
their ability to effectively absorption of water and soil nutrients, hence increasing the 
photo-assimilates in the leaves which movement from vegetative organs to head and 
seed represent a sink, which might had the positive influence on head diameter and 
100-seed weight. 
Expression of seed weight plant-1 and seed yield feddan-1 for sunflower hybrids 
are just result of yield-related traits (Table 5). Since, increasing in seed weight plant-1 
by sowing on 20th of April as cool climatic could be, almost, attributed to increase in 
the length of pre- and post-flowering development phases along with the tallest plant, 
the biggest head diameter and the heaviest weight of 100-seed being always in favor of 
it, whereas the latest three sowings located at hot climatic (high temperature) during 
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flowering stage resulted in flower abortions and hence the lowest seed weight plant-1. 
This revealed that any delaying in sowing date beyond 20th of April was associated 
with a gradually decrease in seed weight plant-1 when sowing on 20th of May by 16.44 
%, on 20th of June by 31.24 % and on 20th of July by 44.71 %. Moreover, the seed yield 
feddan-1 was the highest, again, when sowing was practiced in 20th of April, which 
declined sharply with delaying sowing date on 20th May by 14.01%, on 20th May by 
25.33% and on 20th of July by 34.14%. This increase in seed yield feddan-1 for earliest-
sowing plants on 20th April could be due to the increase in the length of the plants life 
cycle, which led to increased production of photo-assimilates through photosynthetic 
process, with a consequence increase in studied yield-related traits, which reflected on 
increasing seed yield feddan-1. These trends are in harmony with those obtained by 
Mahmood (2013). 
Table 5 
Pooled effect of sowing date on seed yield and yield attributes across 2018 and 2019 seasons 
  
Traits 
 
Sowi
ng 
date 
Days to 50% 
flowering, 
day 
Days to 
physiological 
maturity, day 
Plant 
height, 
cm 
Head 
diameter
, cm 
100- seed 
weight, 
cm 
Seed 
weight 
plant-1, cm 
Seed 
yield 
fed-1, kg 
Seed oil 
content, 
% 
20th 
April 
60.13 96.83 192.87 23.14 6.00 51.01 1128.04 39.97 
20th 
May 
52.77 87.62 188.97 22.09 5.94 42.62 970.05 40.60 
20th 
June 
48.92 84.30 185.48 21.31 5.68 35.08 842.27 42.16 
20th 
July 
46.13 81.58 183.54 20.62 5.66 28.20 742.96 43.07 
LSD 
5% 
0.70 0.65 1.53 0.44 0.05 0.58 6.28 0.36 
LSD 
1% 
0.93 0.86 2.03 0.59 0.07 0.77 8.33 0.48 
 
It was clear that in contrast to the results of yield and yield-related traits, seed 
oil content (Table 5) was gradually increased due to any delaying in sowing date 
beyond 20th of April, by 1.56 on 20th of May, 5.48% on 20th of June and 7.74% on 20th 
July. This the highest proportion of seed oil could be attributed to high temperature 
which was mostly concentrated (Table 2) during growing seasons of the latest sown 
plants beyond sowing on 20th of April.  
Evaluated sunflower hybrids 
It is evident to notice from Table (6) that the hybrid A15 x Rf12 was the earliest 
hybrids in flowering (45.38 day) and maturity (81.21 day), where earliness had the 
positive effects on the proportion of seed oil (45.03 %). Whereas, Sakha 53 had more 
days to flowering (55.46 day) and to maturity (91.38 day) which negative reflected on 
the proportion of seed oil (39.28 %). The shortest pre- and post- flowering phases, 
again, had the positive effect on plant height of these genotypes, where the hybrid A15 
x Rf12 had the shortest plants (174.31 cm) compared to the tallest plants of Sakha 53 
(193.14 cm). This could be attributed to the genetic structure of these hybrids. 
However, the largest head diameter (25.16 cm), the heaviest weight of 100-
seed (6.50 g), the heaviest weight of plant seed (46.62 g) and hence the highest seed 
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yield feddan-1 (1091.64 kg) were detected in the hybrid A12 x Rf9 compared to Sakha 
53 (Table 6) which occupied the second ranked in head diameter (23.98 cm), the third 
ranked in 100-seed weight (6.17cm) and seed yield feddan-1 (976.25 kg) and the fourth 
ranked in seed weight plant-1 (41.19 g). That could be due to these genotypes had the 
ability to the dry matter transformed which formed in vegetative growth period to head 
and seed as a sink. These results are in agreement with those obtained by Abd El-Satar 
et al., (2015) and Abd EL-Satar et al. (2017) who reported that Sunflower genotypes 
had significantly variation for yield and yield attributes. 
Table 6 
Pooled effect of ten sunflower genotypes on seed yield and yield-attributes across 2018 and 
2019 seasons 
 
Traits 
 
Genot
ypes 
Days to 50% 
flowering 
Days to 
physiological 
maturity 
Plant 
height 
Head 
diamete
r 
100- seed 
weight 
Seed 
weight 
plant-1 
Seed 
yield 
Fed-1 
Seed oil 
content 
A11 x 
Rf7 
53.88 81.46 196.50 21.95 5.65 38.61 889.38 41.23 
A11 x 
Rf9 
56.71 92.04 179.44 23.35 6.33 43.07 1021.89 42.46 
A12 x 
Rf9 
55.79 90.25 203.91 25.16 6.50 46.62 1091.64 36.86 
A8 x 
Rf10 
53.21 90.04 186.33 21.39 6.02 37.84 918.77 41.29 
A11 x 
Rf10 
49.58 85.04 184.44 22.52 5.83 37.19 902.50 42.98 
A8 
xRf12 
51.25 87.71 180.51 20.08 5.47 35.12 813.63 42.99 
A9 x 
Rf12 
52.00 88.42 188.10 22.90 6.11 38.52 953.87 39.97 
A15 x 
Rf12 
45.38 81.21 174.31 17.87 5.35 30.29 758.39 45.03 
A2 x 
Rf20 
46.63 88.29 190.48 18.65 4.78 43.83 881.97 42.42 
Sakha 
53 
55.46 91.38 193.14 23.98 6.17 41.19 976.25 39.28 
LSD 
5% 
1.11 1.02 2.42 0.70 0.09 0.92 9.92 0.57 
LSD 
1% 
1.47 1.36 3.21 0.93 0.11 1.22 13.17 0.76 
 
Interaction effect 
  The interactive effect of sowing dates with sunflower genotypes was highly 
significant for all studied traits (Table 7). 
The earliest genotype in flowering (41.33 day) and in maturity (75.67 day) 
were detected in A15 x Rf12  when sowing on 20th of June and A2 x Rf20 when sowing 
on 20th of July also reached in the same days to 50% flowering (41.33 days).  The 
shortest plants (165.73 cm) were observed in A15 x Rf12 when sowing on 20th of July, 
this was the result of shortened the vegetative growth period. However, the best 
genotypes was detected in A12 x Rf9 when sowing on 20th of April for head diameter 
(27.25 cm), A12 x Rf9 when sowing on 20th of May for 100-seedw weight (6.89), A12 x 
Rf9 when sowing on 20th of April for seed weight plant-1 (60.05 g) and for seed yield 
fedan-1 (1282.33 kg), along with A15 x Rf12 when sowing on 20th of July for seed oil 
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content (45.59 %). The same trend was observed in Egypt by El-karamity et al. (1998), 
Sharief (1998) and Taha et al. (2010) and Hamza and Safina (2015). 
2-Estimation of genetic parameters 
To have better understanding of the magnitude of genetic variability for ten 
sunflower genotypes, phenotypic (PCV)and genotypic (GCV) coefficient of variation, 
heritability in broad sense (H2b) and expected genetic advance as percent mean were 
computed for all individual studied traits as presented in Table (8). 
Table 7 
Pooled effect of sowing date interaction with ten sunflower genotypes on seed yield and yield-
attributes across 2018 and 2019 seasons 
 
 
Sowin
g date 
Geno
types 
Days to 
50% 
flowering 
Days to 
physiologica
l maturity 
Plant 
height 
Head 
diamet
er 
100-
seed 
weight 
Seed 
weight 
plant-1 
Seed 
yield 
feddan-1 
Seed oil 
content 
2
0
 A
p
ri
l 
A11 x 
Rf7 
65.67 90.50 204.90 24.43 5.66 49.51 969.10 38.72 
A11 x 
Rf9 
66.33 99.33 185.02 26.15 6.59 54.74 1269.33 40.07 
A12 x 
Rf9 
65.50 100.17 213.88 27.25 6.16 60.05 1282.33 35.75 
A8 x 
Rf10 
61.00 99.00 191.50 22.77 6.35 50.28 1111.60 38.37 
A11 x 
Rf10 
56.50 93.67 187.57 22.63 5.96 47.96 1154.10 42.45 
A8 
xRf12 
59.33 98.83 181.02 21.15 5.94 49.59 1072.02 42.79 
A9 x 
Rf12 
58.00 97.00 191.58 24.80 6.13 49.49 1169.42 37.63 
A15 x 
Rf12 
53.50 92.67 180.03 18.82 5.94 41.99 1044.83 45.74 
A2 x 
Rf20 
53.33 96.67 194.02 18.02 4.82 53.09 1041.05 41.91 
Sakh
a 53 
62.17 100.50 199.20 25.35 6.48 53.40 1166.60 36.31 
2
0
 M
ay
 
A11 x 
Rf7 
54.17 78.83 197.13 21.97 5.58 39.91 966.47 40.10 
A11 x 
Rf9 
58.33 93.33 166.37 23.78 6.40 45.02 1145.93 41.19 
A12 x 
Rf9 
58.00 89.50 207.68 26.20 6.89 48.93 1109.70 35.11 
A8 x 
Rf10 
52.50 91.17 190.35 21.53 5.93 41.35 959.00 40.67 
A11 x 
Rf10 
50.50 86.17 186.90 22.57 5.90 40.88 942.63 41.88 
A8 
xRf12 
46.33 83.17 184.77 20.68 5.68 38.44 874.30 42.67 
A9 x 
Rf12 
54.83 90.50 193.53 23.13 6.20 41.50 974.58 39.11 
A15 x 
Rf12 
44.17 79.50 177.32 18.93 5.62 37.84 849.38 44.33 
A2 x 
Rf20 
50.17 92.00 191.40 18.55 4.80 47.10 905.67 42.60 
Sakh
a 53 
58.67 92.00 194.23 23.53 6.38 45.27 972.87 38.30 
2
0
 J
u
n
e A11 x 
Rf7 
50.50 78.00 192.45 22.55 5.81 37.44 874.68 42.89 
A11 x 
Rf9 
53.50 88.83 182.53 21.12 6.24 42.53 900.47 43.53 
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A12 x 
Rf9 
51.50 86.83 200.23 26.80 6.32 44.10 1018.73 36.27 
A8 x 
Rf10 
51.33 86.33 182.90 20.12 5.99 33.87 824.67 43.60 
A11 x 
Rf10 
47.17 83.50 181.30 22.26 5.76 34.03 825.45 43.57 
A8 
xRf12 
52.33 86.17 177.88 17.90 4.91 29.72 754.28 43.65 
A9 x 
Rf12 
49.17 83.67 185.47 23.13 6.24 35.24 867.17 40.25 
A15 x 
Rf12 
41.33 77.00 174.15 16.87 4.79 21.01 653.80 44.45 
A2 x 
Rf20 
41.67 84.33 188.07 18.83 4.84 36.29 828.55 43.41 
Sakh
a 53 
50.67 88.33 189.82 23.48 5.87 36.55 874.85 40.03 
2
0
 J
u
ly
 
A11 x 
Rf7 
45.17 78.50 191.50 18.87 5.54 27.57 747.27 43.21 
A11 x 
Rf9 
48.67 86.67 183.83 22.37 6.08 29.97 771.82 45.06 
A12 x 
Rf9 
48.17 84.50 193.83 20.40 6.61 33.42 955.80 40.31 
A8 x 
Rf10 
48.00 83.67 180.58 21.15 5.81 25.84 779.82 42.52 
A11 x 
Rf10 
44.17 76.83 181.98 22.62 5.71 25.91 687.82 44.01 
A8 
xRf12 
47.00 82.67 178.38 20.57 5.37 22.76 553.92 42.83 
A9 x 
Rf12 
46.00 82.50 181.80 20.53 5.85 27.85 804.32 42.89 
A15 x 
Rf12 
42.50 75.67 165.73 16.87 5.07 20.32 485.53 45.59 
A2 x 
Rf20 
41.33 80.17 188.45 19.22 4.65 38.84 752.60 41.78 
Sakh
a 53 
50.33 84.67 189.32 23.57 5.93 29.55 890.68 42.47 
LSD 5% 2.22 2.05 4.83 1.41 0.17 1.83 19.85 1.14 
LSD 1% 2.95 2.71 6.41 1.87 0.23 2.43 26.34 1.51 
 
Phenotypic coefficient of variation (PCV) was slightly higher than genotypic 
coefficient of variation (GCV) for all studied traits, indicating negligible influence of 
environment on the expression of all traits. Consequently, the selection would be 
effective to genetic improvement of the studied traits for these materials. High 
heritability in broad sense was recorded for all studied traits, indicates a genotype can 
be identified by its phenotypic performance, thus making the selection more effective 
for improving these traits, and has been observed in earlier studies by Neelima et al., 
(2012), Tyagi and Khan (2013), Deengra et al., (2013) and Sanju et al., (2018). 
Heritability in broad sense along with expected genetic advance as percent 
mean, as shown in Table (8), is normally more useful in predicting the genetic gain 
under selection than heritability estimates alone as confirmed by Johnson et al. (1955). 
High values of heritability coupled with high (more than 20%) values of genetic 
advance (as % of mean) were detected for head diameter and seed weight plant-1, 
indicating the importance of additive gene effects in the inheritance of this trait, thus, 
selection for head diameter and seed weight plant-1 would be effective. High 
heritability coupled with moderate (10-20 %) expected genetic advance as per cent 
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mean were recorded for days to 50% flowering, 100-seed weight and seed oil content, 
indicated that these traits appear to be controlled by both additive and non-additive 
gene action. However high heritability coupled with low (less than 10 %) expected 
genetic advance as percent mean were recorded for days to physiological maturity and 
plant height, indicated that an increased influence of environment on this character and 
thus selection procedure involving progeny testing are recommended for these traits. 
Table 8 
The pooled genetic parameters for seed yield and yield-attributes across 2018 and 2019 summer 
seasons 
Traits 
Parameter 
Days to 
50% 
flowering 
Days to 
physiological 
maturity 
Plant 
height 
Head 
diamet
er 
100- 
seed 
weight 
Seed 
weight 
plant-1 
Seed oil 
content 
GCV 7.04 4.26 4.52 10.19 8.65 11.55 5.33 
PCV 7.39 4.39 4.66 10.68 8.89 11.96 5.54 
H bs 90.90 93.82 93.88 91.03 94.57 93.23 92.34 
GV 7.19 7.44 16.93 4.36 1.01 9.01 4.37 
GV % 13.83 8.49 9.02 20.02 17.32 22.97 10.54 
GCV: genetic coefficient of variation, PCV: Phenotypic coefficient of variation, H bs: Broad-
sense heritability, GV: Genetic advance and GV %: Genetic advance (% of mean) 
 
Selection criteria 
Phenotypic and genotypic correlation 
Phenotypic and genotypic correlation were estimated between seed weight 
plant-1 and  yield-related traits for ten sunflower genotypes based on average of 2018 
and 2019 summer seasons as presented in Table (9). Seed weight plant-1 was positively 
and significantly or highly significant correlated with yield-related i.e. Days to 50% 
flowering, days to physiological maturity, Plant height, head diameter and 100-seed 
weight at phenotypic and genotypic levels indicating that selection will be more 
effective for the longest time to 50% flowering and days to physiological maturity, 
tallest height, largest head diameter and heaviest weight of 100-seed. These findings 
are confirmed by those of Abd EL-Satar et al. (2017). 
Table 9 
The pooled phenotypic (above diagonal) and genotypic (below diagonal) correlations of ten 
sunflower genotypes across 2018 and 2019 summer seasons 
 
Traits 
Days to 50% 
flowering 
Days to 
physiological 
maturity 
Plant 
height 
Head 
diamete
r 
100- seed 
weight 
Seed 
weight 
plant-1 
Seed oil 
content 
Days to 50% 
flowering 
1.000 0.603** 
0.474*
* 
0.870** 0.838** 0.571** -0.687** 
Days to 
physiological 
maturity 
0.622** 1.000 0.214 0.545** 0.519** 0.671** -0.528** 
Plant height 0.517** 0.238 1.000 0.599** 0.313* 0.713** -0.874** 
Head diameter 0.942** 0.616** 
0.631*
* 
1.000 0.899** 0.622** -0.808** 
100- seed weight 0.920** 0.555** 0.341* 0.965** 1.000 0.366* -0.649** 
Seed weight 
plant-1 
0.613** 0.719** 
0.756*
* 
0.652** 0.371* 1.000 -0.720** 
Seed oil content -0.732** -0.587** 
-
0.931*
-
0.831** 
-0.708** -0.768** 1.000 
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* 
  
Furthermore, positive and significant or highly significant phenotypic and 
genotypic correlation was detected among the previous traits i.e. days to 50% 
flowering, days to physiological maturity, Plant height, head diameter and 100-seed 
weight at phenotypic and genotypic levels, indicated that selection practiced for any 
one of the previous traits would effective for improving the other ones, especially seed 
weight plant-1. Therefore, these traits could be considered as indicators to achieve 
desirable genetic improvement for seed weight plant-1 of sunflower. These results are 
in line with those obtained by Abd El-Mohsen (2013), in Egypt, who indicated that 
seed weight plant-1, head diameter and 1000-seed weight were the most important traits 
for improving seed yield ha-1. 
Phenotypic and genotypic path analysis 
For providing precisely information about interrelationships between seed 
weight plant-1 and yield attributes, the phenotypic and genotypic path analysis was 
performed to divide phenotypic and genotypic correlation into direct and joint effects, 
where seed weight plant-1 was considered a dependent variable and yield attributes 
were independent variables as shown in Table (10) and Fig.(1). 
A critical perusal of phenotypic and genotypic path analysis revealed that days to 
physiological maturity had the highest positive direct effects (P= 0.55461, G= 0.74529) 
on seed weight plant-1, followed by plant height (P= 0.41619, G= 0.96963). The 
highest positive direct effects of the previous mentioned traits in addition to their 
highly significant correlation coefficient with seed weight plant-1 indicated that the 
direct selection through these traits would be effective for sunflower improvement. 
Table 10 
Pooled phenotypic (P) and genotypic (G) path analysis of ten sunflower genotypes for seed 
yield and yield-attributes across 2018 and 2019 summer seasons 
Traits  
Days to 50% 
flowering 
Days to 
physiological 
maturity 
Plant 
height 
Head 
diameter 
100- seed 
weight 
Seed weight 
plant-1 
Days to 50% 
flowering 
P 0.05429 0.33447 0.19715 0.50099 -0.51606 0.57084 
G 0.34034 0.46393 0.50134 -1.04011 0.34796 0.61347 
Days to 
physiological 
maturity 
P 0.03274 0.55461 0.08906 0.31402 -0.31975 0.67068 
G 0.21186 0.74529 0.23097 -0.67959 0.21007 0.71859 
Plant height 
P 0.02572 0.11868 0.41619 0.34520 -0.19240 0.71338 
G 0.17597 0.17753 0.96963 -0.69641 0.12921 0.75593 
Head diameter 
P 0.04721 0.30229 0.24936 0.57614 -0.55327 0.62173 
G 0.32064 0.45876 0.61163 -1.10403 0.36512 0.65212 
100-seed weight 
P 0.04551 0.28806 0.13007 0.51778 -0.61564 0.36577 
G 0.31298 0.41376 0.33110 -1.06532 0.37839 0.37091 
Residual 
P 0.40880 
G 0.31983 
  
Conversely, the direct effects of head diameter and 100-seed weight on seed 
weight plant-1 were negative and negligible, although their phenotypic and genotypic 
correlations with seed weight plant-1 were positive and significant. Consequently, the 
indirect effects of the previous mentioned trait would be more effective to improve 
seed weight plant-1 of these materials than direct ones.  
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The highest positive phenotypic and genotypic indirect effects on seed weight 
plant-1 were detected for days to 50% flowering (P= 0.33447, G= 0.46393) through 
days to physiological maturity, head diameter through days to physiological maturity 
(P= 0.30229, G= 0.45876) and 100-seed weight through days to physiological maturity 
(P= 0.28806, G= 0.41376) and plant height (P= 0.13007, G= 0.33110). 
 
 
Fig. 1a: Phenotypic path diagram for seed weight plant-1 
 
 
Fig. 1b: Genotypic path diagram for seed weight plant-1 
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It is apparent from the above-mentioned results, it can be concluded that 
preferred improvement of seed weight plant-1 may be achieved through selecting 
genotypes having the largest head diameter and the heaviest weight of 100-seed.These 
results agreed with those of Abd EL-Satar et al. (2017). The residual effect being 
0.40880 and 0.31983 at phenotypic and genotypic levels, respectively indicated that 
independent traits which are included at the phenotypic and genotypic path analysis, 
explained 59.12 % and 68.02 % of the total variation, respectively in seed weight plant-
1. The highest residual effects of phenotypic and genotypic path analyses, indicated that 
the presence of other traits that are not included in the present study were associated 
with the highest effect on seed weight plant-1. 
 
CONCLUSIONS  
 
It can be concluded from above mentioned results that early sown plants on 
20th of April had high yield potential could be due to the extent of the plants life cycle 
with time which allowed them to form a sufficient amount of photo-assimilates through 
photosynthetic process, with a consequence transformed from vegetative organs to 
seed as sink and hence increasing seed weight plant-1 and seed yield feddan-1. The 
promising sunflower hybrids for seed yield feddan-1 and more yield attributes was the 
hybrid A12 x Rf9 when sown on 20th of April and across sowing dates, whereas A15 x 
Rf12 when sown on 20th of July and across sowing dates was the best for seed oil 
content. Valuable genetic variability was detected among sunflower genotypes, and 
hence the selection would be effective to genetic improvement of seed weight plant-1 
for these materials, which can be achieved through selecting genotypes had the largest 
head diameter and the heaviest weight of 100-seed. 
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